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minals of the inner inductor, for example, are not tapped from 
the outer inductor, which can reduce parasitic effects and 
electromagnetic interference relative to tapped inductor 
designs. The independence of the inductors also allows the 
different inductors to define different resonance frequencies 
or gain and linearity characteristics, which is desirable. 
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1. 

DUAL INDUCTOR CIRCUIT FOR 
MULTI-BAND WIRELESS COMMUNICATION 

DEVICE 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 120 

The present application for patent is a Continuation-in-part 
of U.S. patent application Ser. No. 12/826,552, filed Jun. 29. 
2010, which is a divisional application of U.S. patent appli 
cation Ser. No. 1 1/675,274, filed Feb. 15, 2007, now U.S. Pat. 
No. 7,761,078, which claims the benefit of priority to U.S. 
Provisional Application No. 60/834,129, filed Jul. 28, 2006. 
The entire contents of U.S. patent application Ser. Nos. 
12/826,552 and 11/675.274 and U.S. Provisional Application 
No. 60/834,129 are incorporated herein by reference. 

FIELD 

This disclosure relates to inductors that can be imple 
mented within wireless communication devices, and more 
particularly on-chip inductor circuits used in wireless com 
munication devices. 

BACKGROUND 

Inductors are common electrical circuit elements imple 
mented within wireless communication devices and a wide 
range of other electronic devices. Although inductors are very 
useful and desirable, they are often one of the most space 
consuming elements of a radio frequency integrated circuit 
(RFIC). In an RFIC, inductors may be commonly used within 
amplifier elements of the RFIC component commonly 
referred to as the “mixer.” A mixer generally refers to the 
portion of an RFIC which generates (i.e., mixes) a baseband 
signal from a received carrier waveform. Mixers are also used 
on the transmitter side, e.g., to modulate a baseband signal 
onto a carrier. 
On the receiverside, the mixer receives a waveform, which 

typically includes a carrier wave modulated with a baseband 
data signal. The mixer may include an amplifier element to 
properly tune the received waveform. The mixer synthesizes 
a copy of the carrier wave, e.g., using a local oscillator (LO) 
of the device. The mixer then removes the baseband signal 
from the received waveform by essentially subtracting the 
carrier wave generated by the LO from the received wave 
form. Once removed from the carrier, the baseband signal can 
then be converted into digital samples and demodulated, e.g., 
by a digital circuit. 
An inductor may be used within the amplifier element of 

the mixer in order to set the performance of the mixer to a 
particular operating frequency. Some wireless communica 
tion devices Support multiple frequency bands, in which case, 
multiple mixers are typically needed. Moreover, each mixer 
requires its own inductor to set its performance at the opera 
tion frequency associated with the respective mixer. The use 
of several different mixers to support multiple frequency 
bands is undesirable, particularly due to the space consump 
tion that would be required within the RFIC to accommodate 
the different inductors. 

SUMMARY 

In general, this disclosure describes a dual inductor circuit, 
which may be particularly useful in a dual frequency appli 
cation Such as in a mixer of a wireless communication device 
to allow the mixer to operate for different frequency bands or 
in single frequency application Such as in a low noise ampli 
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fier which provides the LNA with different gain and linearity 
characteristics while operating in the same frequency band. 
The dual inductor circuit comprises an inductor-within 

inductor design in which a small inductor is disposed within 
a large inductor. The two inductors may share a ground ter 
minal, but are otherwise physically separated and indepen 
dent from one another. Thus, the inductors and terminals may 
be electrically isolated from one another. Terminals of the 
inner inductor, for example, are not tapped from the outer 
inductor, which can reduce parasitic effects and electromag 
netic interference relative to tapped inductor designs. The 
independence of the inductors also allows the different induc 
tors to define different resonance frequencies, which is highly 
desirable. 

In one aspect, this disclosure provides a multi-band wire 
less communication device comprising a mixer that mixes 
baseband signals from received signals. The mixer comprises 
a dual inductor circuit including a first inductor defining a first 
terminal and a second terminal, wherein the first inductor 
coils from the first and second terminals to a ground terminal. 
The dual inductor circuit also includes a second inductor 
disposed inside the first inductor, the second inductor defin 
ing a third terminal and a fourth terminal, wherein the second 
inductor coils from the third and fourth terminals to the 
ground terminal, and wherein third and fourth terminals of the 
second inductor are independent from the first inductor. Thus, 
electrically isolating the inductor coils and respective termi 
nals from one another. 

In another aspect, this disclosure provides a dual inductor 
circuit comprising a first inductor defining a first terminal and 
a second terminal, wherein the first inductor coils from the 
first and second terminals to a ground terminal, and a second 
inductor disposed inside the first inductor, the second induc 
tor defining a third terminal and a fourth terminal, wherein the 
second inductor coils from the third and fourth terminals to 
the ground terminal, and wherein third and fourth terminals of 
the second inductor are independent from the first inductor. 

In another aspect, this disclosure provides a method com 
prising mixing received wireless signals to baseband signals 
using a selected inductor of a dual inductor circuit in a wire 
less communication device, the dual inductor circuit includ 
ing a first inductor defining a first terminal and a second 
terminal, wherein the first inductor coils from the first and 
second terminals to a ground terminal, and a second inductor 
disposed inside the first inductor, the second inductor defin 
ing a third terminal and a fourth terminal, wherein the second 
inductor coils from the third and fourth terminals to the 
ground terminal, and wherein third and fourth terminals of the 
second inductor are independent from the first inductor. 

In an added example, this disclosure provides a multi-band 
wireless communication device comprising a mixer that 
mixes baseband signals onto a carrier. The mixer comprises a 
dual inductor circuit including a first inductor defining a first 
terminal and a second terminal, wherein the first inductor 
coils from the first and second terminals to a ground terminal, 
and a second inductor disposed inside the first inductor, the 
second inductor defining a third terminal and a fourth termi 
nal, wherein the second inductor coils from the third and 
fourth terminals to the ground terminal, and wherein third and 
fourth terminals of the second inductor are independent from 
the first inductor. 

In another embodiment, this disclosure describes a dual 
inductor circuit, which may be particularly useful in a low 
noise amplifier of a wireless communication device to allow 
the low noise amplifier to possess different gain and linearity 
characteristics while operating in theasingle frequency band. 
This disclosure provides a multi-differential branch circuit 
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comprising a first differential branch comprising a first planar 
inductor defining a first terminal and a second terminal, 
wherein the first planar inductor coils from the first and sec 
ond terminals to a ground terminal. The first differential 
branch exhibiting a first set of gain and linearity characteris 
tics at a first frequency dependent upon the characteristics of 
the first planar inductor. The multi-differential branch circuit 
further comprising a second differential branch comprising a 
second planar inductor disposed inside the first planar induc 
tor of the first differential branch circuit, the second planar 
inductor defining a third terminal and a fourth terminal, 
wherein the second planar inductor coils from the third and 
fourth terminals to the ground terminal, and wherein the third 
and fourth terminals of the second planar inductor are inde 
pendent from the first planar inductor. The second differential 
branch exhibiting a second set of gain and linearity charac 
teristics at the same first frequency dependent upon the char 
acteristics of the second planar inductor. The multi-differen 
tial branch circuit further comprising a third differential 
branch defining a fifth terminal and a sixth terminal, wherein 
the third differential branch includes no inductor coil and 
exhibits a third set of gain and linearity characteristics at the 
same first frequency resulting from the lack of a inductor coil. 

Additional details of various examples are set forth in the 
accompanying drawings and the description below. Other 
features, objects and advantages will become apparent from 
the description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a multi-band wireless com 
munication device according to an example of this disclosure. 

FIG. 2 is a block diagram of a mixer suitable for incorpo 
ration in the wireless communication device of FIG.1 accord 
ing to an example of this disclosure. 

FIG. 3 is a more detailed example of one amplifier design 
that may use an inductor circuit of this disclosure. 

FIG. 4 is a circuit layout diagram of a conventional induc 
tor circuit that implements a tapped configuration in which a 
Small inner inductor is tapped from a larger inductor. 

FIG. 4A is a schematic circuit diagram of the conventional 
inductor circuit of FIG. 4 that implements a tapped configu 
ration. 

FIG. 5 is an exemplary circuit layout diagram of a dual 
inductor circuit that comprises an inductor independently 
disposed within larger inductor according to an embodiment 
of this disclosure. 

FIG. 5A is a schematic circuit diagram of a selective dual 
inductor circuit which enables the selection of one inductor 
independent of the other inductor. 

FIG. 6 is another exemplary circuit layout diagram of a 
dual inductor circuit that comprises an inductor indepen 
dently disposed within larger inductor according to another 
embodiment. 

FIG. 7 is a flow diagram illustrating a method that may be 
executed by a wireless communication device implementing 
a dual inductor circuit as described herein. 

FIG. 8 is a schematic circuit diagram of a selective multi 
differential branch which enables the selection of one differ 
ential path over another, wherein each differential path exhib 
its different gain and linearity characteristics at a single 
frequency. 

DETAILED DESCRIPTION 

This disclosure describes a dual inductor circuit which may 
be used in a multitude of application. For example, the dual 
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4 
inductor circuit may have applications in a dual mode or dual 
frequency mode where signals having varying frequencies 
are manipulated. The dual inductor circuit may also be useful 
in a single frequency mode where manipulation of signals 
having the same frequency is performed. For example, the 
dual frequency mode may be particularly useful in a mixer of 
a wireless communication device to allow the mixer to oper 
ate for two different frequency bands. The dual inductor cir 
cuit comprises an inductor-within-inductor design in which a 
Small inductor is disposed within a large inductor. The two 
inductors may share a ground terminal, but are otherwise 
physically separated and independent from one another. Ter 
minals of the inner inductor, for example, are not tapped from 
the outer inductor, and this can reduce parasitic effects and 
electromagnetic interference relative to tapped inductor 
designs. The respective independence of the inductors also 
allows the different inductors to define different resonance 
frequencies, which is desirable. 

Moreover, the dual inductor circuit may also be particu 
larly useful in a single frequency application Such as in a low 
noise amplifier. The dual inductor provides the low noise 
amplifier with signal paths which exhibit varying gain and 
linearity characteristics when the low noise amplifier is oper 
ating within a single frequency band. By providing signal 
paths with varying gain and linearity characteristics, the opti 
mal signal path may be chosen for implementation depending 
upon the characteristics of an input signal operating within a 
single frequency band. Various embodiments are disclosed 
which describe the utilization of the dual inductor circuit in a 
dual frequency mode and/or a single frequency mode. 
The maximum interference between both inductors occurs 

at either inductor's self resonant frequency. A tapped induc 
tor's self resonant frequency, however, is determined by the 
entire structure and not individual inductor coils. In an appli 
cation using a tapped inductor, it is possible that the self 
resonant frequency of the structure may occur near the 
desired operating frequency of the inner coil. In Such a case, 
performance of the circuit using the inner coil can be drasti 
cally impacted. 

In contrast to a tapped inductor design, the inductor-inside 
inductor topology described herein may have two indepen 
dent self resonant frequencies, one for each independent 
inductor coil. The outer inductor coil can have a lower self 
resonant frequency than the inner inductor coil, and for some 
applications it is possible this resonant frequency can 
approach the desired operating frequency of the inner induc 
tor coil. In Such a situation, impact to performance of the 
circuit using the inner inductor coil can be minimized due to 
isolation between the two different inductor coils. Therefore, 
due to low coupling between both inner and outer coils, two 
separate self resonant frequencies can exist, which can make 
the inductor-inside-inductor more desirable and can reduce or 
eliminate any negative impact on the performance of the inner 
inductor coil. 

FIG. 1 is a block diagram of a multi-band wireless com 
munication device 10 according to an example of this disclo 
sure. The block diagram of FIG. 1 is simplified for purposes 
of explanation of the dual inductor circuit of this disclosure. 
Many other components (not illustrated) may also be used in 
device 10. Device 10 may comprise a cellular or satellite 
radiotelephone, a radiotelephone base station, a computer 
that Supports one or more wireless networking standards, a 
wireless access point for wireless networking, a PCMCIA 
card incorporated within a portable computer, a direct two 
way communication device, a personal digital assistant 
(PDA) equipped with wireless communication capabilities, 
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and the like. These and many other types of devices may use 
the dual inductor circuit designs described herein. 

Device 10 may implement one or more of a wide variety of 
wireless communication standards or techniques. Examples 
of wireless communication techniques include frequency 
division multiple access (FDMA), time division multiple 
access (TDMA) and various spread spectrum techniques. 
One common spread spectrum technique used in wireless 
communication is code division multiple access (CDMA) 
signal modulation in which multiple communications are 
simultaneously transmitted over a spread spectrum signal. 

Furthermore, some wireless standards make use of two or 
more techniques, such as GSM systems, which use a combi 
nation of TDMA and FDMA modulation. GSM stands for 
“Global System for Mobile Communications.” A number of 
wireless networking standards, and other wireless communi 
cation standards and techniques have also been developed, 
including several IEEE 802.11 standards, Bluetooth stan 
dards, and emerging ultra-wideband (UWB) techniques and 
standards. 

Device 10 may be referred to as “multi-band' insofar as it 
Supports wireless communication in two or more wireless 
frequency bands. As an example, device 10 may support 
CDMA or GSM wireless communication in one frequency 
band, e.g., around 2.4 gigahertz (GHZ), and may also support 
legacy analog wireless communication in another frequency 
band, e.g., around 800 megahertz (MHz). As another 
example, device 10 may support CDMA and/or GSM wire 
less communications in two different frequency bands, e.g., 
around 1.8 GHZ, and 2.4 GHz, respectively. The dual inductor 
circuit designs described herein may help to support any two 
frequency bands, and may be used with a wide variety of 
wireless communications. The frequency bands and stan 
dards listed herein are merely exemplary. 

Device 10 may comprise an analog receiver circuit 11 and 
a digital demodulation circuit 19. Analog receiver circuit 11 
may comprise a so-called radio frequency integrated circuit 
(RFIC). Digital demodulation circuit 19 may comprise a digi 
tal modem (modulation-demodulator). Circuits 11 may be 
fabricated on separate chips or a common chip. 
As illustrated, device 10 includes an antenna 12 that 

receives wireless signals. The wireless signals may be sepa 
rated into different paths by signal path separation circuit 13. 
Thus, the dual band design allows a single antenna to receive 
two different signal frequencies, although in other cases, 
separate antennas could be used to receive the different sig 
nals at the different frequencies. In FIG. 1, for each signal 
path, the respective signal is scaled by a low noise amplifier 
(LNA) 14A or 14B and delivered to mixer 15. LNAS 14A, 
14B and mixer 15 may make use of a dual inductor circuit 
16A, 16B, or 16C as described herein. Thus, the dual inductor 
circuit may be used to provide a degeneration inductor for a 
same frequency band but with different gain and linearity 
modes as used, for example, in an LNA application or as 
degeneration inductor for two different frequency bands as 
used, for example, in a mixer application. 

For example, when a dual inductor circuit 16A and/or 16B 
may be applied to an LNA 14A and/or 14B, dual inductor 
circuits 16A and/or 16B may each provide a multi-branch 
LNA wherein each of the multi-branches possesses a differ 
ent set of gain and linearity characteristics applicable to input 
signals having the same frequency. The different sets of gain 
and linearity characteristics result from the different sized 
inductors included in each branch. A received signal operat 
ing a particular frequency (i.e., cell, PCS, data, etc.) may be 
coupled to a specific LNA 14A or 14B designated to accept 
signals operating in a particular frequency. The selected LNA 
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6 
14A or 14B may be required to amplify the received signal 
using different gain and linearity characteristics depending 
on various characteristics of the received signal. For example, 
if it is determined that the received signal has contains lot of 
noise and interference, it may not be desirable to amplify with 
high gain, but it may require high linearity. Alternatively, if 
littlenoise is detected it may be desirable to amplify the signal 
with high gain and only require low linearity. Still further, the 
received signal may only require a moderate gain and mod 
erate linearity. Thus, the received signal to the branch of the 
LNA having a set of gain and linearity characteristics Suitable 
for the received signal. 

In the case of the mixer 15, a dual inductor circuit 16C may 
allow the mixer to handle two or more different frequency 
bands. In particular, dual inductor circuit 16C may be imple 
mented within an amplifier (not shown in FIG. 1) of mixer 15. 
The amplifier of mixer 15 scales the wireless signals from a 
respective one of LNAS 14A or 14B and then mixes the signal 
to baseband. 
The received wireless signal may comprise a carrier wave 

form modulated with a baseband signal. Mixer 15 removes 
the baseband signal from the carrier of the received signal So 
that sampling and demodulation can be performed on the 
baseband signal. In particular, mixer 15 may receive a refer 
ence waveform produced by a local oscillator (not shown) of 
device 10. Mixer 15 subtracts the reference waveform from 
the received wireless signal to remove the carrier and produce 
the baseband signal. The baseband signal is then filtered by 
one or more filters 17. An analog-to-digital (A/D) converter 
18 converts the baseband signal into digital baseband 
samples, which are forwarded to a digital demodulation cir 
cuit 19 for demodulation. 
Mixer 15 is a dual band mixer in that it supports two 

different frequency bands, e.g., a first signal in a first fre 
quency band from LNA 14A and a second signal in a second 
frequency band from LNA 14B. Device 10 may operate in 
two different modes, which support wireless communication 
at the two different frequency bands. These two modes may 
comprise an analog and digital mode, two different digital 
modes, or possibly two different analog modes. Dual inductor 
circuit 16C includes two different independent inductors. 
One of the inductors (a smaller coil) is disposed inside the 
other inductor (a larger coil). In this manner, dual inductor 
circuit 16C provides the ability to support two different fre 
quency bands, yet achieves a relatively compact and efficient 
two-dimensional circuit design. 
Any of dual inductor circuits 16A, 16B, and/or 16C may 

have reduced parasitics and electromagnetic interference 
relative to inductor circuits that employ a tapped inductor 
configuration. The two inductors of dual inductor circuits 
16A, 16B, and/or 16C may share a ground terminal, but are 
otherwise physically separated and independent from one 
another. Unlike tapped inductor configurations, for example, 
terminals of the inner inductor of circuits 16A, 16B, and/or 
16C are not tapped from the outer inductor. This also allows 
the two inductors of dual inductor circuit 16 to define differ 
ent resonance frequencies which is advantageous in the mixer 
application where signals of varying frequency are received. 
The dual inductor circuit 16 may also provide two inductors 
which may produce different gain and linearity characteris 
tics when applied to signals of the same frequency as in the 
LNA application where received signals have the same fre 
quency. 
The details of this disclosure primarily refer to a mixer on 

the receiver side, e.g., that mixes baseband signals from a 
received signal. However, this disclosure also contemplates 
the use of the described dual inductor circuits in mixers on the 
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transmitter side, e.g., that modulates a carrier with a baseband 
signal. Moreover, many other devices, including devices 
unrelated to wireless communication could implement the 
disclosed dual inductor circuits outlined in greater detail 
below. 

For illustrative purposes, the application of the dual induc 
tor circuit 16C in a multi frequency mode is described in 
relation to a mixer 15, 20. In addition, the application of the 
dual inductor circuits 16A and 16B in a single frequency 
mode is described in relation to a LNA14A, 14B. One of skill 
in the art would understand that the dual inductor circuits 
16A, 16B, and/or 16C may be implemented in other elements 
and components using multiple inductors in either a multi or 
single frequency mode application. 

FIG. 2 is a block diagram of a mixer 20 according to an 
example of this disclosure, which may correspond to mixer 
15 of FIG.1. As shown, mixer 20 receives a wireless signal 21 
that comprises a baseband signal modulated on a carrier 
wave. Amplifier 22 is a tuning element that conditions wire 
less signal 21 for mixing. Amplifier 22 includes a dual induc 
tor circuit 25, as described in this disclosure, in order to allow 
mixer 20 to handle signals at two different frequency bands. A 
mode may be selected, and based on the selected mode the 
dual inductor circuit 25 may be set accordingly. 

Mixing switcher 26 receives the wireless signal that is 
properly scaled by amplifier 22. Mixer switcher 26 also 
receives a reference waveform from frequency synthesizer 
28. Frequency synthesizer 28 may access a local oscillator 
(LO) 29 to generate the reference waveform at the expected 
frequency. In order to Support two different frequencies, fre 
quency synthesizer 28 may implement adding techniques, 
subtracting techniques, feed forward techniques, feedback 
techniques, or the like, to generate signals at different desired 
frequencies. Alternatively, two different LO’s could be used. 

In any case, once a proper reference waveform is provided 
by frequency synthesizer 28, mixer switcher 26 subtracts the 
reference waveform from the tuned wireless signal, which 
includes the carrier and the baseband signal. In this manner, 
mixer 20 removes the carrier to generate baseband signal 24. 
Baseband signal 24 can then be processed, possibly converted 
to digital samples, and then demodulated. In some cases, 
however, the demodulation could be done in an analog 
domain, particularly for legacy analog wireless formats or 
standards. 
As described herein, mixer 20 supports at least two differ 

ent frequency bands. In order to achieve Such dual mode 
functionality in an efficient manner, this disclosure provides 
dual inductor circuit 25. As described in greater detail below, 
dual inductor circuit 25 comprises an inductor-within-induc 
tor design in which a relatively small inductor is disposed 
within a relatively large inductor. Again, the two inductors 
may share a ground terminal, but are otherwise physically 
separated and independent from one another. Terminals of the 
inner inductor, for example, are not tapped from the outer 
inductor, and this design can reduce parasitic effects and 
electromagnetic interference relative to tapped inductor 
designs. This also allows the different inductors of dual 
inductor circuit 25 to define different self resonance frequen 
C1GS. 

FIG. 3 is a more detailed example of one example of an 
amplifier 22A that may use an inductor circuit of this disclo 
sure. Amplifier 22A may correspond to amplifier 22 of FIG.2. 
Amplifier 22A itself includes two different amplifier circuits 
23A and 23B, which operate with respect to the different 
frequency bands. In particular, amplifier circuit 23A may be 
used to scale signals in a cellular band and amplifier circuit 
23B may be used to scale signals in a PCS band. Importantly, 
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8 
however, each of amplifier circuits 23A and 23B couple to a 
common inductor circuit 25A. Inductor circuit 25A employs 
an inductor-within-inductor design, as describe herein. An 
outer coil of inductor circuit 25A may be used to accommo 
date cellular band signals scaled by amplifier circuit 23A and 
an inner coil of inductor circuit 25A may be used to accom 
modate PCS signals scaled by amplifier circuit 23B. 

Each amplifier circuit 23A and 23B is connected to the 
appropriate inductor terminals of inductor circuit 25A. The 
outputs of each amplifier circuit 23A and 23B are connected 
together before entering the mixer switcher 26 (FIG. 2). Con 
trol signals (“Enable CELL Band” and “Enable PCS Band') 
may be used to select the appropriate amplifier at any given 
time. Enabling the cell band will disable the PCS band, and 
enabling the PCS band will disable the cell band. 

FIG. 4 is a circuit layout diagram of a conventional induc 
tor circuit 30 that implements a tapped configuration in which 
a small inner inductor is tapped from a larger inductor. Induc 
tor circuit 30 is less desirable than the other inductor circuits 
described herein because it uses one large coil from terminals 
31 and 32 to ground terminal 35. A smaller inductor is created 
by tapping into the large inductor at an intermediate location, 
i.e. via terminals 33 and 34. The small inductor that extends 
beyond these intermediate taps at terminals 33 and 34, how 
ever, adds substantial parasitic capacitance effects and inter 
ference, which can Substantially degrade the performance of 
inductor circuit 30. In addition, because the smaller inductor 
is tapped from the larger inductor, the different inductors of 
inductor circuit 30 typically have the same resonance fre 
quency. Exemplary dimensions of inductor circuit 30 are 
labeled. 

FIG. 4A illustrates the conventional inductor circuit shown 
in FIG. 4 as a schematic circuit diagram. As shown in FIG. 
4A, a large coil couples terminals 31 and 32 to ground 35. A 
Smaller inductor is created by tapping into the large inductor 
at an intermediate location, i.e. via terminals 33 and 34. As 
discussed above, tapping the larger inductor at an intermedi 
ate location may add parasitic capacitance effects and inter 
ference, which can Substantially degrade the performance of 
the inductor circuit 30. In addition, because the smaller induc 
tor is tapped from the larger inductor, the different inductors 
of the inductor circuit 30 typically have the same resonance 
frequency. 
The inductor designs shown in FIGS. 5 and 6 may over 

come these or other shortcomings of the inductor circuit 30 of 
FIG. 4. FIGS. 5 and 6 are exemplary circuit layout diagrams 
of dual inductor circuits 40 and 50 that comprise an inductor 
independently disposed within larger inductor, according to 
examples of this disclosure. Dual inductor circuits 40 and 50 
may correspond to either of inductor circuits 16 or 25 of 
FIGS. 1 and 2, or could be used in another type of device. 
Unlike inductor circuit 30 in which the inner and outer induc 
tors would have a common resonance frequency, the reso 
nance frequency of the different inductors of dual inductor 
circuits 40 and 50 can be defined differently since the coils are 
independent. This is highly desirable. 

In particular, in contrast to a tapped inductor design, the 
inductor-inside-inductor topology shown in FIGS. 5 and 6 
may have two independent self resonant frequencies, one for 
each independent inductor coil. The outer inductor coil can 
have a lower self resonant frequency than the inner inductor 
coil, and for some applications it is possible this resonant 
frequency can approach the desired operating frequency of 
the inner inductor coil. In Such a situation, impact to perfor 
mance of the circuit using the inner inductor coil can be 
minimized due to isolation between the two different inductor 
coils. Therefore, due to low coupling between both inner and 
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outer coils, two separate self resonant frequencies can exist, 
which can make the inductor-inside-inductor more desirable 
and cause less negative impact on the performance of the 
inner inductor coil. 
As shown in FIG. 5, dual inductor circuit 40 comprises a 

first inductor 46 and a second inductor 48. The second induc 
tor 48 is disposed inside first inductor 46. Both inductors 46 
and 48 comprise coils that coil in a two-dimensional fashion. 
In this manner, circuit 40 defines an inductor-within-inductor 
design in which a small inductor coil (second inductor 48) is 
disposed within a large inductor coil (first inductor 46). For 
purposes of illustration, dimensions of dual inductor circuit 
40 are shown in FIG. 5. However, examples of this disclosure 
are not necessarily limited to the sizes or shapes of the coils 
shown in FIG. 5. 

First inductor 46 defines a first terminal 41 and a second 
terminal 42. First inductor 46 coils from the first and second 
terminals 41 and 42 to a ground terminal 45. Second inductor 
48 is disposed inside first inductor 46, but is independent from 
first inductor 46 and is not tapped from first inductor 46. In 
this manner, dual inductor circuit 40 is different from inductor 
circuit 30 of FIG.4, which employs a tapped configuration. In 
dual inductor circuit 40, second inductor 48 defines a third 
terminal 43 and a fourth terminal 44. Second inductor 48 coils 
from third and fourth terminals 43 and 44 to ground terminal 
45. Again, however, third and fourth terminals 43 and 44 of 
the second inductor 48 are independent from the first inductor 
46 insofar as third and fourth terminals 43 and 44 are not 
tapped from first inductor 46. First inductor 46 and second 
inductor 48 can be created to define different resonance fre 
quencies. 

Dual inductor circuit 40 may be included within an ampli 
fier of a mixer in order to allow the mixer to handle two 
different frequency bands. First inductor 46 may set the gain 
of the first frequency band and second inductor 48 may set the 
gain of a second frequency band. Moreover, using testing and 
simulations, first inductor 46 can be tuned to account for 
parasitic effects of second inductor 48, and second inductor 
48 can be tuned to account for parasitic effects of first induc 
tor 46. Since first and second inductors 46 and 48 are isolated 
(not tapped from one another), these parasitic effects and 
feedback are significantly reduced relative to a tapped con 
figuration like that shown in FIG. 4. 

First inductor 46 may be used in a first mode of operation 
of a wireless communication device, and second inductor 48 
may be used in a second mode of operation of the wireless 
communication device. The first mode of operation may be 
associated with a first frequency band below approximately 
1.0 gigahertz (GHz) and the second mode may be associated 
with a second frequency band above approximately 1.0 GHz. 
By way of example, the first frequency band may be a legacy 
analog band around approximately 800 megahertz (MHz), 
and the second frequency band may be a band around 
approximately 2.4 GHz or 1.8 GHz. More generally, however, 
dual inductor circuit 40 could be tuned for any two frequency 
bands. 

FIG. 5A illustrates the dual inductor circuit shown in FIG. 
5 as part of an exemplary implementation of a selective dual 
inductor circuit which enables the selection of one inductor 
independent of the other inductor. As shown in FIG. 5A, the 
selective dual inductor circuit includes a dual inductor circuit 
40 which includes a first planar inductor 46 and a second 
planar inductor 48. The second planar inductor 48 may be 
disposed inside the first planar inductor 46. Both planar 
inductors 46 and 48 comprise planar coils that coil in a two 
dimensional fashion. So configured, circuit 40 provides an 
inductor-within-inductor design in which a small planar 
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10 
inductor coil (second inductor 48) is disposed within a large 
planar inductor coil (first inductor 46). 
The first planar inductor 46 couples a first terminal 41 and 

a second terminal 42 to a ground terminal 45. The second 
planar inductor 48 may be disposed inside the first inductor 
46, but is electrically independent from the first planar induc 
tor 46 and is not tapped from the first planar inductor 46. In 
this manner, the dual inductor circuit 40 differs from the 
inductor circuit 30 of FIGS. 4 and 4A, which employs a 
tapped configuration. In the dual inductor circuit 40, the sec 
ond planar inductor 48 couples a third terminal 43 and a 
fourth terminal 44 to a ground terminal 45. Again, the third 
and fourth terminals 43 and 44 of the second planar inductor 
48 are independent from the first planar inductor 46 insofar as 
the third and fourth terminals 43 and 44 are not tapped from 
the first planar inductor 46. The first planar inductor 46 and 
the second planar inductor 48 can be configured to have 
different resonance frequencies. 

Similar to the inductor circuit 25A illustrated in FIG. 3, the 
selective dual inductor circuit shown in FIG. 5A may be used 
to accommodate signals operating in a first Frequency Band 
#1 as well as signals operating in a second Frequency Band 
#2. For example, Frequency Band #1 may signals operating in 
a cellular band, while Frequency Band #2 may be signals 
operating in a PCS band, such as the case when the dual 
inductor circuit is implemented in a dual band mixer. Alter 
natively, in some embodiments, Frequency Band #1 and Fre 
quency Band #2 may be signals operating in the same fre 
quency band, such as the case when the dual inductor circuit 
is implemented in a single-band, multi-mode LNA. In the 
dual band mixer implementation, the dual inductor circuit 40 
allows a mixer of a wireless communication device to selec 
tively enable the first planar inductor 48 to set the mixer to the 
appropriate operating frequency to receive an input signal 
from a first Frequency Band #1 (i.e., cellular band) input, or 
the second planar inductor 48 to set the mixer to the appro 
priate operating frequency to receive an input signal from a 
second Frequency Band #2 (i.e., PCS band) input. Selection 
transistors 81A, 81B, 82A, and 82B enable the independent 
selection of either the first planar inductor 46 or the second 
planar inductor 48 to the mixer. By placing an appropriate 
selection Voltage to the gate of selection transistor pairs 81A 
and 81B, the first planar inductor 46 may be connected to the 
mixer. Alternatively, by placing an appropriate selection Volt 
age to the gate of selection transistor pairs 82A and 82B, the 
second planar inductor 48 may be connected to the mixer. 

FIG. 6 is a circuit layout diagram providing another illus 
trative example of a dual inductor circuit 50 according to this 
disclosure. Dual inductor circuit 50 comprises a first inductor 
56 and a second inductor 58. Both inductors 56 and 58 com 
prise coils that coil in a two-dimensional fashion. The two 
dimensional layout of second inductor 58 is disposed inside 
the two-dimensional layout of first inductor 56. Dimensions 
of dual inductor circuit 50 are shown in FIG. 6. However, 
examples of this disclosure are not necessarily limited to the 
sizes or shapes of the coils shown in FIG. 6. 

In many respects, dual inductor circuit 50 of FIG. 6 is 
similar to dual inductor circuit 40 of FIG. 5. In particular, in 
dual inductor circuit 50, first inductor 56 defines a first termi 
nal 51 and a second terminal 52, and first inductor 56 coils 
from the first and second terminals 51 and 52 to a ground 
terminal 55. Second inductor 58 is disposed inside first induc 
tor 56, but is independent from first inductor 56 and is not 
tapped from first inductor 56. In this manner, dual inductor 
circuit 50, like dual inductor circuit 40, is different from 
inductor circuit 30 of FIG. 4, which defines a tapped configu 
ration. 
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In dual inductor circuit 50, second inductor 58 defines a 
third terminal 53 and a fourth terminal54. Second inductor 58 
coils from third and fourth terminals 53 and 54 to ground 
terminal 55. Third and fourth terminals 53 and 54 of the 
second inductor 58 are independent from the first inductor 56 
insofar as third and fourth terminals 53 and 54 are not tapped 
from first inductor 56. This also allows first inductor 56 and 
second inductor 58 to be created to define different resonance 
frequencies, which is highly desirable as described above. 

Dual inductor circuit 50 may be included within an ampli 
fier of a mixer in order to allow the mixer to handle two 
different frequency bands. First inductor 56 may be tuned to 
a first frequency band and second inductor 58 may be tuned to 
a second frequency band. Moreover, using simulations and 
testing, first inductor 56 can be tuned to account for parasitic 
effects of second inductor 58, and second inductor 58 can be 
tuned to account for parasitic effects of first inductor 56. 
Alternatively, the dual inductor circuit 50 may be included in 
a single band LNA which allows the LNA to selectively apply 
an input signal to a branch that exhibits specific gain and 
linearity characteristics to Suit a specific need. In the embodi 
ment shown in FIG.5A, each of the two branches may exhibit 
specific gain and linearity characteristics that vary in accor 
dance with the size of the inductor coil (46, 48) implemented 
in each of the two branches. As discussed in more detail below 
with respect to FIG. 8, a circuit having three branches may 
also be implemented, where the absence of any coil in one of 
the branches further differentiates the gain and linearity char 
acteristics of the three separate branches. 

Dual inductor circuit 50 further reduces parasitic effects 
relative to dual inductor circuit 40 due to more physical sepa 
ration between first inductor 56 and second inductor 58 com 
pared to that between first inductor 46 and second inductor 48 
of dual inductor circuit 40. In particular, second inductor 58 
may be separated from the first inductor 56 by greater than 
approximately 20 microns. This can help to even further 
reduce or eliminate electromagnetic interference and para 
sitic effects between inductors 56 and 58. A surface area 
associated with dual inductor circuit 50 defines less than 
approximately 0.3 square millimeters, although this disclo 
Sure is not necessarily limited in this respect. 

First and second inductors 56 and 58 are not only separated 
by greater than 20 microns of space, but are isolated (not 
tapped from one another). As discussed above, this isolation 
is also very useful in reducing parasitic effects and electro 
magnetic coupling effects between inductor 56 and 58. In 
particular, physical isolation of inductors 56 and 58, in con 
trast to a tapped configuration, can significantly reduce para 
sitic capacitances and electromagnetic coupling between 
inductors 56 and 58. In addition, this isolation allows induc 
tors 56 and 58 to define different resonance frequencies, 
which can avoid performance impacts for the different fre 
quency bands handled by the different inductors. 

First inductor 56 may be used in a first mode of operation 
of a wireless communication device, and second inductor 58 
may be used in a second mode of operation of the wireless 
communication device. The first mode of operation may be 
associated with a first frequency band below approximately 
1.0 GHz, and the second mode may be associated with a 
second frequency band above approximately 1.0 GHz. As an 
illustrative example, the first frequency band may be a legacy 
analog band around approximately 800 megahertz (MHz), 
and the second frequency band may be a PCS band around 
approximately 2.4 GHz or 1.8 GHz. More generally, however, 
dual inductor circuit 50 could be tuned for any two frequency 
bands. As an example, first inductor 56 may coil over a 
distance of approximately 0.35 to 0.6 millimeters, and second 
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12 
inductor 58 may coil over a distance of approximately 0.2 to 
0.32 millimeters. The dual inductor circuit 50 may be substi 
tuted for the dual inductor circuit 40 shown in FIG. 5A to 
enable the selection of one planar inductor 56 independent of 
the other inductor 58. 

FIG. 7 is a flow diagram illustrating a method that may be 
executed by a wireless communication device implementing 
a dual inductor circuit as described herein. The functionality 
of FIG. 7 will be described with reference to wireless com 
munication device 10 of FIG.1. As shown in FIG. 7, device 10 
selects a mode of operation (61), such as a digital PCS mode 
that operates in a frequency band above 1.0 GHZ, oran analog 
(or other mode) that operates in a frequency band below 1.0 
GHz. Antenna 12 receives a wireless signal (62), which 
includes a baseband signal modulated onto a carrier wave. 
Alternatively, the selection of a mode of operation (61) may 
indicate a specific gain and linearity characteristic desired for 
the inputted signal. For example, if it is desired to amplify the 
input signal with a high gain and linearity characteristic, a 
first branch having a specifically sized inductor coil may be 
selected. If it is desired to amplify the input signal with a low 
gain and linearity characteristic, the second branch having a 
differently sized inductor coil may be selected. Depending on 
the mode of operation (63), inductor circuit 16A, 16B, or 16C 
may select either a first (outer) coil or a second (inner) coil. 

In the embodiment where the dual inductor circuit 16 C is 
implemented in a mixer 15, following scaling by one of LNAs 
14A or 14B, the received signal is passed to mixer 15. If 
device 10 is operating in a first mode of operation (“ONE” 
branch of 63), then mixer 15 uses a first inductor of inductor 
circuit 16 in the mixing process (64). Alternatively, if device 
10 is operating in a second mode of operation ("TWO branch 
of 63), then mixer 15 uses a second inductor of inductor 
circuit 16 in the mixing process (65). As described herein, the 
second inductor is disposed within the first inductor but 
includes independent terminals that are not tapped from the 
first inductor. A ground terminal may be shared by the first 
and second inductors. In this manner, mixer 15 can generate 
baseband signals for received signals associated with two 
different frequency bands. 
The baseband signals can be converted to digital samples 

(66) via A/D converter 18 and a digital demodulation circuit 
19 can perform demodulation (67) with respect to the digital 
baseband samples. Of course, the techniques of this disclo 
Sure can also work with purely analog signals, which would 
not be converted to digital samples, but would be demodu 
lated in the analog domain. In other words, one or both of the 
modes of operation of device 10 could be a purely analog 
mode. 

In another embodiment the dual inductor circuit illustrated 
in FIGS.5, 5A and 6 may be utilized in a low noise amplifier 
operating in a single frequency band. FIG. 8 is a schematic 
diagram of a selective multi-differential branch circuit which 
enables the selection of one differential branch independent 
of the other differential branches. Each of the differential 
branches having gain and linearity characteristics that differ 
from those of the other differential branches. The variance in 
the gain and linearity characteristics may be a result of dif 
ferent size inductors (or no inductors) being implemented in 
a particular differential branch. Selection of a particular dif 
ferential branch may be dictated by the characteristic of a 
particular input signal that requires amplification. The rela 
tive noise and power of the input signal may require certain 
gain and linearity characteristics of the LNA amplifying the 
input signal in order to generate an appropriate or Suitable 
output signal. Thus, by providing the LNA with a plurality of 
differential branches having varying gain and linearity char 
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acteristics is advantageous. Utilization of inductor-within 
inductor layouts as shown in FIGS. 5 and 6 provide for induc 
tors of varying size while also exhibiting improved space 
conservation characteristics and reductions in parasitic 
effects and electromagnetic interference relative to tapped 
inductor designs. 

Referring to FIG. 8, an exemplary LNA is shown with three 
differential branches. Each of the three differential branches 
having a different gain and linearity characteristic for a signal 
operating at frequency f. The LNA of FIG. 8 is shown to be 
operating in the Cell frequency band for illustrative purposes 
only. The LNA of FIG. 8 may easily accept input signals 
operating in any frequency band. However, in the instant 
embodiment, each of the possible differential inputs 91A, 
91B, 92A,92B, 93A, 93B apply an input signal having the 
same relative frequency, f. The first differential branch is 
shown to have first inputs 91A and 91B and output nodes 87 
and 89. In contrast to the second and third differential branch, 
the first differential branch has not inductor coil. Conse 
quently, the first differential branch will likely have a higher 
gain and worst linearity characteristic of any of the three 
differential branches shown in FIG. 8. 
A second differential branch having second inputs 92A and 

92B, output nodes 81, 82 and a first planar inductor coil 76. 
The first planar inductor 76 couples a first terminal 71 and a 
second terminal 72 to a ground terminal 75. The second 
differential branch will have a second set of gain and linearity 
characteristics which differ from both the first differential 
branch (which has no inductor coil) and a third differential 
branch (having a different sized inductor coil 78) for a signal 
operating at the same frequency, f. 
The third differential branch having third inputs 93A and 

93B, output nodes 83, 84, and a second planar inductor coil 78 
coupled to a ground terminal. The inductor coil 78 may have 
more or fewer coils than inductor coil 76 and may be formed 
within inductor coil 76 as shown for example, in FIGS. 5 and 
6 and may be electrically independent from the first planar 
inductor 47 as it is not tapped from the first planar inductor 76. 
The second planar inductor 78 couples a third terminal 73 and 
a fourth terminal 74 to a ground terminal 75. Again, the third 
and fourth terminals 7 and 74 of the second planar inductor 78 
are independent from the first planar inductor 76 insofar as the 
third and fourth terminals 73 and 74 are not tapped from the 
first planar inductor 76. As a result of the different size of 
inductor coil 78 from inductor coil 76, the third differential 
branch may have a third set of gain and linearity characteris 
tics when coupled to a signal operating at the same frequency, 
f. 

In operation, a wireless device may select a particular 
differential branch by applying a differential input signal to 
either the first, second, or third differential inputs, 91A and 
91B,92A and 92B, or 93A and 93B, and the an output may be 
coupled to the corresponding output nodes 87, 89: 81, 82; or 
83, 84 depending on what gain and linearity characteristics 
are required to apply to the input signal operating at frequency 
f1. One of ordinary skill in the art would recognize that the 
circuit of FIG.8 may operate at any frequency band. Such as 
the PCS or some other data communication frequency band. 
In addition, while the circuit illustrate in FIG. 8 depicts three 
separate differential branches, more or fewer branches may 
be implemented. Additional differential branches may be 
added to the circuit, wherein each differential branch includes 
a differently sized inductor coil to generate a differential 
branch with an additional set of gain and linearity character 
istics. It is also noted that while bipolar transistors coupled to 
the input signals are shown in FIG. 8 to select a particular 
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differential branch, other transistor technologies such as FET. 
MOSFET, CMOS, JFET, etc. may be utilized 
A number of examples have been described. The disclosed 

inductor-inside-inductor can be fabricated onto a radio fre 
quency integrated circuit (RFIC), and may reduce the needed 
area and costs associated with such RFIC fabrication. 
Although described with reference to a mixer on an RFIC 
chip, the disclosed dual inductor circuit could be used in other 
devices. Also, the disclosed inductor could also be used in a 
mixer of an RF transmitter that mixes baseband signals onto 
a carrier. Additionally, the disclosed dual inductor is 
described with reference to a LNA in a single frequency 
mode. The dual inductor circuit may be used in other devices 
and components operating in a single frequency mode. 
Accordingly, these and other examples are within the scope of 
the following claims. 

The invention claimed is: 
1. A multi-band wireless communication device compris 

ing a component operating in a dual frequency mode, the 
component comprising a dual inductor circuit, wherein the 
dual inductor circuit comprises: 

a first planar inductor coupling a first terminal and a second 
terminal to a ground terminal; and 

a second planar inductor formed within the first planar 
inductor, the second planar inductor coupling a third 
terminal and a fourth terminal to the ground terminal, 
wherein the third and fourth terminals of the second 
planar inductor are electrically independent from the 
first inductor and the first and second terminals. 

2. The multi-band wireless communication device of claim 
1, wherein the third and fourth terminals of the second induc 
tor are not tapped from the first inductor. 

3. The multi-band wireless communication device of claim 
1, wherein the first inductor is tuned to a first frequency band 
and the second inductor is tuned to a second frequency band. 

4. The multi-band wireless communication device of claim 
3, wherein the first inductor is tuned to account for parasitic 
effects of the second inductor and the second inductor is tuned 
to account for parasitic effects of the first inductor. 

5. The multi-band wireless communication device of claim 
1, wherein the second inductor is separated from the first 
inductor by greater than approximately 20 microns. 

6. The multi-band wireless communication device of claim 
1, wherein a surface area associated with the circuit defines 
less than approximately 0.3 square millimeters. 

7. The multi-band wireless communication device of claim 
1, wherein the multi-band wireless communication device is 
configured to Support a first frequency mode of operation in 
which the component is coupled to the first inductor and a 
second frequency mode of operation wherein the component 
is coupled to the second inductor. 

8. The multi-band wireless communication device of claim 
7, wherein the first mode of operation is associated with a first 
frequency band below approximately 1.0 gigahertz (GHZ) 
and the second mode of operation is associated with a second 
frequency band above approximately 1.0 GHz. 

9. The multi-band wireless communication device of claim 
8, wherein the first frequency band is around approximately 
800 megahertz (MHz) and the second frequency band is 
around approximately 2.4 GHz. 

10. The multi-band wireless communication device of 
claim 1, wherein the component is a mixer that mixes base 
band signals from received signals. 
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11. The multi-band wireless communication device of 12. The multi-band wireless communication device of 
claim 10, wherein the mixer generates baseband signals, the claim 10, wherein the dual inductor circuit is included in an 
device further comprising: amplifier of the mixer. 

13. The multi-band wireless communication device of 
5 claim 1, wherein the first and second planar inductors have 

different resonance frequencies. 
an analog-to-digital converter that converts the baseband 

signals to digital baseband samples; and 
a digital demodulation circuit that demodulates the digital 

baseband samples. k . . . . 


